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Description 
[BUMPING PROCESS] 

Cross Reference to Related Applications 

[0001] This application claims the priority benefit of Taiwan ap- 
plication serial no. 92120367, filed July 25, 2003. 
Background of Invention 

[0002] Field of the Invention 

[0003] The present invention relates to bumping process, and in 
particular, to a bumping process to fabricate bumps with 
the higher height which enhances connection reliability 
between chips and a carrier by way of a single exposure to 
form stair-shaped openings in the photoresist layer. 

[0004] Description of the Related Art 

[0005] In the modern world with abundant information, the mar- 
ket of multi-media application is thus continuously grow- 
ing. The development of Integrated Circuits (IC) packaging 
technology should be in line with the development of 
electronic devices, including digitization, network devel- 



opment, local area connections and user friendliness of 
electronic devices. To meet the above requirements, ca- 
pacities of high-speed processing, multi-function, minia- 
turization, lightweight and low cost for the electronic de- 
vices have to be improved. 
[0006] Thus, IC package technology has been developed toward 
the purposes of small-scale and high density. Ball Grid 
Array (BCA) packages, Chip-Scale Package (CSP), Flip Chip 
(F/C) packages and Multi-Chip Module (MCM) packages 
are hence developed. The density of the IC package refers 
to the number of pins per unit area. In view of the high 
density IC package, reducing the length of wires improves 
signal transmission speed, and therefore, the application 
of bumps becomes the main stream of high-density pack- 
age. 

[0007] FIGS. lA to IF are schematic cross-sectional views of 
steps for a conventional bumping process. Referring to 
FIG. lA, a wafer 100 is first provided. A plurality of bond- 
ing pads 102 is formed on an active surface of the wafer 
100. In addition, a passivation layer 106 is formed on the 
wafer 100, and the passivation layer 106 covers the active 
surface of the wafer 100 but exposes the bonding pads 
102. Moreover, an under bump metallurgy (UMB) layer 



104 is formed on the wafer 100, wherein the UBI\/I layer 
104 is disposed on the exposed surface of the bonding 
pads 102 and a portion of the passivation layer 106 
around the bonding pads 102. 

[0008] As shown in FIG. IB, a photoresist layer 108 is formed on 
the active surface of the wafer 100. Thereafter, as shown 
in Fig. IC, a plurality of openings 108a are formed in the 
photoresist layer 108 directly above the bonding pads 102 
after photolithography and development. Through the 
openings 108a, a portion of the under-bump metallurgy 
(UBM) layer 104 is exposed. 

[0009] As shown in FIG. ID, a solder material is filled into the 
openings 108a by stencil printing so that a plurality of 
solder posts 110 is formed over the UBM layer 104. 
Thereafter, as shown in Fig. IE, the photoresist layer 108 
is removed to expose the solder posts 110. 

[0010] Finally, as shown in FIG. IF, a reflow process is then per- 
formed. During the reflow process, since the solder posts 
110 are in a partially melted state, spherical-like solder 
posts 110 are formed due to the cohesion thereof. Then, 
the spherical-like solder posts 110 are cooled and b a 
plurality of spherical bumps 110a is obtained on the UBM 
layer 104. 



[0011] FIG. 2 schematically shows the assembly between a chip 
and a printed circuit board, after forming bumps on the 
chip by the conventional bumping process. Referring to 
FIG. IF and FIG. 2, after the bumping process is per- 
formed on the wafer 100 to form the bumps, the wafer 
100 is sawed to form a plurality of separated chips 100a. 
Next, referring to FIG. 2, the chip 100a is bonded to a 
carrier 150 by flip chip bonding. The chip 100a is electri- 
cally connected to contacts 152 of the carrier 150 via the 
bumps 110a. The carrier 150 is, for example, a package 
substrate or a printed circuit board. Besides, an underfill 
140 is filled between the chip 100a and the carrier 150 so 
as to protect the exposed surfaces of the bumps 110a. 

[0012] It should be noted that during the heating process, the 
bumps are subjected to thermal strain resulted from the 
difference in coefficients of thermal expansion (CTE) for 
the carrier and the chip. When the shear stress exerted to 
the bumps exceeds the tolerance range, cracks will occur, 
which results in short between the chip and the carrier. 
Besides, due to the fact that the sidewalls of the opening 
in the photoresist layer are substantially perpendicular to 
the active surface of the wafer, the volume and the height 
of the bumps fabricated by the conventional bumping 



process are limited by tlie thicl<ness of tlie photoresist 
layer. Thus, the bumps are easily damaged by the shear 
stress generated by thermal strain between the chip and 
the carrier, and the reliability of package is poor. 
[0013] In order to overcome the above drawbacks, another con- 
ventional bumping process is proposed. FIGS. 3A to 3F are 
schematic sectional views of another conventional bump- 
ing process. Referring to FIG. 3A, a wafer 210 is first pro- 
vided, and the wafer 210 has a plurality of bonding pads 
214 thereon and a passivation layer 216 covering an ac- 
tive surface of the wafer 210. The passivation layer 216 
exposes the bonding pads 214. Furthermore, an under 
bump metallurgy (UMB) layer 218 is formed over the wafer 
210. The UBM layer 208 is disposed on the exposed sur- 
face of the bonding pads 214 and covering a portion area 
of the passivation layer 216 around the bonding pads 
214. 

[0014] A first patterned photoresist layer 220a is formed on the 
wafer 210 by a first photolithography process, and the 
first patterned photoresist layer 220a includes a plurality 
of first openings 222a exposing the surface of the UBM 
layer 218. Next, referring to FIG. 3B and 3C, a second pat- 
terned photoresist layer 220b is formed over the wafer 



210. Thereafter, a plurality of second openings 222b 
which expose the first opening 222a of the first patterned 
photoresist layer 220a, is formed in the second patterned 
photoresist layer 220b by a second photolithography pro- 
cess. Moreover, the size of the second openings 222b is 
larger than that of the first openings 222a. 
[0015] Referring to FIGS. 3D to 3F, a solder material is filled into 
the first opening 222a and the second opening 222b by, 
for example, stencil printing so as to form a plurality of 
solder posts 230 therein. Then, the first patterned pho- 
toresist layer 220a and the second patterned photoresist 
layer 220b are removed. Finally, a reflow process is per- 
formed to turn the solder posts 230 to spherical bumps 
232. 

[0016] In view of the above, the stair-shaped opening formed by 
the first and second patterned photoresist layers are fab- 
ricated via two separate photolithography processes, and 
the objective of increasing the height of the bump can be 
achieved by stacking two photoresist layers. However, 
performing two photolithography processes is not eco- 
nomical because not only the complexity and costs of 
production are increased but also the fabrication time is 
extended. 



Summary of Invention 

[0017] The present invention provides a bumping process by 
forming stair-shaped openings in the photoresist layer 
without using one extra photolithography process. Hence, 
the bump height can be increased, and the bonding be- 
tween the chip and the carrier becomes more reliable. 

[0018] As embodied and broadly described herein, the invention 
provides a bumping process. First, a wafer having a plu- 
rality of bonding pads and a passivation layer thereon is 
provided, and the bonding pads are exposed by the passi- 
vation layer. An UBM layer is formed on the bonding pads. 
A first photoresist layer is formed over the wafer and cov- 
ers the bonding pads and the passivation layer. A second 
photoresist layer is formed on the first photoresist layer. 
The first and second photoresist layers have different ex- 
posure/development characteristics. A single exposure 
process is performed to form a plurality of first openings 
in the first photoresist layer and a plurality of second 
openings in the second photoresist layer simultaneously, 
so as to obtain a plurality of stair-shaped openings con- 
structed by the first openings and the corresponding sec- 
ond openings. The UBM layer on the bonding pads is ex- 
posed by the stair-shaped openings. A solder material is 



filled into the stair-shaped openings to form a plurality of 
solder posts. The first photoresist layer and the second 
photoresist layer are then removed. 
[0019] In addition, after the first photoresist layer and the second 
photoresist layer are removed, a reflow step can be per- 
formed to form a solder bump above each of the bonding 
pads. In accordance with one embodiment of the present 
invention, the first opening, for instance, is smaller than 
the second opening. The first photoresist layer, for in- 
stance, has a lower photosensitivity and a slower develop- 
ment rate . The second photoresist layer, for instance, has 
a higher photosensitivity and a faster development rate. In 
accordance with one embodiment of the present inven- 
tion, the first photoresist layer and the second photoresist 
layer, for instance, are spin-coated photoresist layers or 
dry films. In addition, the solder material, for example, 
can be filled into the openings by stencil printing or elec- 
troplating. 

[0020] As embodied and broadly described herein, the present 
invention provides a bumping process for forming higher 
bumps. After providing a wafer having a plurality of bond- 
ing pads and a passivation layer and forming an UBM layer 
on the bonding pads exposed by the passivation layer, a 



plurality of photoresist layers is formed over the wafer to 
cover the bonding pads and the passivation layers. Be- 
cause the photoresist layers have different exposures/ 
development characteristics, a plurality of stair-shaped 
openings located above the bonding pads and in the pho- 
toresist layers can be formed by a single exposure pro- 
cess. A solder material is filled into the stair-shaped 
openings to form a plurality of solder posts. Then, the 
photoresist layers are removed. 

[0021] Furthermore, after the photoresist layers are removed, a 
reflow process is performed to form a solder bump above 
each of the bonding pads. In accordance with another em- 
bodiment of this invention, the photoresist layer that is 
farthest away from the bonding pads, for instance, has the 
highest photosensitivity and the fastest development rate, 
while the photoresist layer that is closest to the bonding 
pads, for instance, has the lowest photosensitivity and the 
slowest development rate. In accordance with another 
embodiment of the present invention, the photoresist lay- 
ers can be, for instance, spin-coated photoresist layers or 
dry films. Besides, the solder material can be filled, for 
example, by stencil printing or electroplating. 

[0022] In accordance with one embodiment of the present inven- 



tion, the stair-shaped openings are formed in the multiple 
photoresist layers, and the solder posts are filled in the 
stair-shaped openings respectively. Therefore, compared 
with the conventional bumping process, bumps with a 
higher height are obtained. Furthermore, in the process of 
forming stair-shaped openings, only a single exposure 
process is needed. Thus, in accordance with the bumping 
process of the present invention, the electrical and me- 
chanical connection between the chip and the carrier are 
more reliable. Moreover, the cost is lower, and fabrication 
time of the bumping process due to multiple exposure 

processes is saved. 
Brief Description of Drawings 

[0023] The accompanying drawings are included to provide a 

further understanding of the invention, and are incorpo- 
rated in and constitute a part of this specification. The 
drawings illustrate embodiments of the invention and, to- 
gether with the description, serve the principles of the in- 
vention. 

[0024] FIGS. lA to IF are schematic cross-sectional views of 
steps of a conventional bumping process. 

[0025] FIG. 2 is a schematic cross-sectional view showing the as- 
sembly between a chip and a printed circuit board after 



forming a plurality of bumps on the chip by the conven- 
tional bumping process. 

[0026] FIGS. 3A to 3F are schematic cross-sectional views of an- 
other conventional bumping process. 

[0027] FIGS. 4A to 4F are schematic cross-sectional views of a 
bumping process in accordance with the first preferred 
embodiment of the present invention. 

[0028] FIGS. 5A to 5F are schematic cross-sectional views of a 

bumping process in accordance with the second preferred 

embodiment of the present invention. 
Detailed Description 

[0029] Reference will now be made in detail of the present em- 
bodiments of the invention, examples of which are illus- 
trated in the accompanying drawings. Wherever possible, 
the same reference numbers are used in the drawings and 
the description to refer to the same or like parts. 

[0030] pij^st Embodiment 

[0031] FIGS. 4A to 4F are schematic cross-sectional views of a 

bumping process in accordance with the first embodiment 
of the present invention. First, referring to FIG. 4A, a 
wafer 310 having, for example, a plurality of bonding 
pads 314 and a passivation layer 316 thereon for the pro- 



tection of the wafer 310. The bonding pads 314 are ex- 
posed by the passivation layer 316. In addition, each 
bonding pad 314, for instance, is provided with an under 
bump metallurgy (UBM) layer 318 formed thereon. The 
process of forming the UBM layer 318 comprises forming 
at least a metal layer by sputtering or evaporation, for ex- 
ample, and then patterning the metal layer. The under 
bump metallurgy layer 318, for example, consists of three 
layers, i.e., an adhesion layer/a barrier layer/a wetting 
layer. The adhesion layer enhances bonding between the 
UBM layer 318 and the bonding pad 314. The barrier layer 
can act to prevent mobile ions from penetrating the UBM 
layer 318 and dispersing to the wafer 310. The wetting 
layer is employed to enhance the bonding between the 
UBM layer 318 and the solder material subsequently 
formed thereon. The material for the UBM layer 318, for 
instance, can be Ti/NiV alloy/copper, AI/NiV alloy/copper 
or other combinations or compositions that can achieve 
the above objectives. 
[0032] Next, referring to FIG. 4B, a first photoresist layer 320a is 
formed over the wafer 310 and covers the UBM layer 318 
and the passivation layer 316. After that, a second pho- 
toresist layer 320b is formed on the first photoresist layer 



320a. The first and second photoresist layers 320a/320b 
can be formed, for example, by spin-coating a liquid state 
photoresist and soft baking, or by dry film adhesion. For 
example, the first photoresist layer 320a has a lower pho- 
tosensitivity and hence less removal during the develop- 
ment (a slower development rate), while the second pho- 
toresist layer 320b has a higher photosensitivity and 
hence more removal during the development (a faster de- 
velopment rate). 
[0033] Referring to Fig. 4C, a single photolithography process is 
performed to the first photoresist layer 320a and the sec- 
ond photoresist layer 320bso as to form a plurality of first 
openings 322a and a plurality of second openings 322b 
respectively within the first photoresist layer 320a and the 
second photoresist layer 320b. Each of the first openings 
322a, for instance, exposes the UBM layer 318. Each of 
the second openings 322b, for instance, is disposed 
above each of the first opening 322a and the first and 
second openings 322a/322b form a stair-shaped opening 
322. The first photoresist layer 320a and the second pho- 
toresist layer 320b, for instance, are subjected to a single 
photolithography process by using a photomask (not 
shown). However, because the first photoresist layer 320a, 



for instance, has a lower photosensitivity and a slower de- 
velopment rate, and a second photoresist layer 320b has a 
higher photosensitivity and development rate, thus, under 
similar exposure conditions, the size of the second open- 
ings 322b is larger than that of the first openings 322a. 
[0034] Next, referring to FIGS. 4D to 4F, the solder material is 

filled into each of the stair-shaped opening 322 by stencil 
printing, for example and a plurality of solder posts 330 
are formed in the stair-shaped openings 322. It is obvious 
to those skilled in the art by making reference to the dis- 
closure of the present invention that the filling of the sol- 
der material can be achieved by electroplating or other 
available methods, as long as the sequence of the step for 
patterning the metal layer into UBM layer 318 is adjusted. 
The method of filling the solder material does not affect 
the characteristic of the stair-shaped openings and there- 
fore further discussion on this issue is omitted. After fill- 
ing of the solder material into the stair-shaped openings, 
the remaining first photoresist layer 320a and the second 
photoresist layer 320b are stripped off. Finally, the solder 
posts 330 are subjected to a reflow process so as to turn 
the solder posts on each UBM layer 318 into a ball-shaped 
or spherical bumps 332. The reflow process, for example, 



includes IR radiation, liot wind convection current, etc. 
[0035] The material for the solder posts 330 of the present in- 
vention, for example, can be SnPb alloy, high Pb-content 
material, SnAgCu alloy, SnAg alloy or leadless solder, etc. 

[0036] Second Embodiment 

[0037] The second embodiment of the present invention dis- 
closes a method to obtain bumps with the higher height. 
FIGS. 5A to 5F are schematic cross-sectional views of a 
bumping process in accordance with the second embodi- 
ment of the present invention. Referring first to FIG. 5A, a 
wafer 410 is provided with a plurality of bonding pads 
414, and a passivation layer 416 thereon for the protec- 
tion of the wafer 410. The bonding pads 414 are exposed 
by the passivation layer 416. For each bonding pad 414, 
an under-bump-metallurgy (UBM) layer 418 is formed on 
the bonding pad 414. 

[0038] Referring to FIG. 5B, a plurality of photoresist layers 420 
is formed over the wafer 410 and covers the UBM layer 
418 and the passivation layer 416. Among the photoresist 
layers 420, the topmost photoresist layer 420 (i.e., far- 
thest away from the bonding pad 414), for instance, has 
the highest photosensitivity and the fastest development 
rate, while the bottommost photoresist layer (i.e., closest 



to or directly on the bonding pad 414), for example, has 
the lowest photosensitivity and the slowest development 
rate. 

[0039] Next, referring to FIG. 5C, a single photolithography pro- 
cess is performed to the photoresist layers 420 on the 
UBM layer 418so as to form the patterned photoresist 
layer 420b with a plurality of stair-shaped openings 422. 
The stair-shaped openings 422, for example, expose the 
UBM layer 418. All the photoresist layers 420, for exam- 
ple, are subjected to a single photolithography process 
using one photomask (not shown). Because each of the 
photoresist layers 420 has different photosensitivity and 
development rates, even under the same exposure condi- 
tions, the size of the openings formed within each pho- 
toresist layer is different to one another, and stair-shaped 
openings 422 are thus formed. 

[0040] Next, referring to FIGS. 5D to 5F, a plurality of solder 

posts 430 are formed within the stair-shaped openings 
422. After that, the remaining photoresist layers 420 are 
stripped off. Finally, the solder posts 430 are subjected to 
a reflow process and turn into ball-shaped or spherical 
bumps 432 on the UBM layer 418. 

[0041] In the second embodiment, due to the fact that a plurality 



of photoresist layers are employed, the height of the 
stair-shaped openings can be Increased and the height of 
the bump Is thus Increased. The number of the photore- 
sist layers is not restricted as described In the embodi- 
ments, and other appropriate fabrication processes can be 
selected. 

[0042] In accordance with the present invention, a single expo- 
sure is used to form deeper stair-shaped openings (with 
larger volume) within the photoresist layers, which results 
In higher bumps as compared to the conventional bump- 
ing processes. Thus, as bumps are employed for mechan- 
ically and electrically connecting the chlp(s) to the carrier 
using flip chip technology, a higher bump will reduce the 
shear stress on the bump caused by the thermal stress. 

[0043] Thus, the bumping process In accordance with the present 
Invention employing a single exposure process provides a 
high reliability of the connection between the chlp(s) and 
the carrier, and at the same time, the production costs 
and fabrication time are reduced. 

[0044] It will be apparent to those skilled In the art that various 
modifications and variations can be made to the structure 
of the present invention without departing from the scope 
or spirit of the invention. In view of the foregoing, it is in- 



tended that the present invention cover modifications and 
variations of this invention provided they fall within the 
scope of the following claims and their equivalents. 



